Background {#Sec1}
==========

A simple biomarker to evaluate the aging or quality of human oocytes and clinical pregnancy rates is required. On the other hand, since klotho protein was detected in 1997 (Kuro-o et al. [@CR3]), klotho is intensively researched. Klotho is an ageing-modulated protein expressed mainly in the kidneys and choroid plexus (Wolf et al. [@CR9]). Furthermore, α-klotho is known as an anti-aging molecule. The α-klotho gene mutant mice have been shown to have short life-spans and multiple aging phenotypes analogous to those observed in humans, such as skin atrophy, osteoporosis, ectopic calcification, atherosclerosis, and pulmonary emphysema (Nakanishi et al. [@CR5]). Moreover, increases in α-klotho concentrations in human serum positively promote human health (Yamazaki et al. [@CR10]). For examples, α-klotho is known as cardio-renal protective protein (Lee et al. [@CR4]). Serum α-klotho concentration may be novel and useful early markers of diabetic renal injury (Lee et al. [@CR4]). Therefore, increases in α-klotho concentrations in human serum positively may improve the aging or quality of human oocytes and clinical pregnancy rates. However, an association between serum α-klotho concentrations during preimplantation and the aging or quality of human oocytes has not been investigated.

Hochbaum et al. ([@CR1]) previously identified *klo*-*2*, a homologue of α-klotho gene, as one candidate direct target of DAF-12 (a homologue of vitamin D receptor) in model organism *Caenorhabditiselegans* (Hochbaum et al. [@CR1]). On the other hand, the association studies between serum α-klotho concentrations and vitamin D were conducted (Koyama et al. [@CR2]; Shardell et al. [@CR6]). However, an association between serum α-klotho concentrations during preimplantation and vitamin D in infertile patients has not been investigated.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

Healthy non-pregnant women participated in the present study (Table [1](#Tab1){ref-type="table"}). Written informed consent was obtained from subjects prior to enrollment. From March 2012 to April 2015, a total of 633 women were enrolled.Table 1Demographic and clinical characteristics of the patientsCharacteristicsValueNo. patients633Mean maternal age (range) (years)36.84 (30--45)Race---no. (%) Asian443 (70 %) White178 (28.1 %) Black12 (1.9 %)Current smoker---no. (%)0 (0 %)Intracytoplasmic sperm injection (ICSI) (%)633 (100 %)Mean serum alpha-klotho concentrations (pg/mL) (range)593.14 (123.77--1227.1)Mean maturation rate (range) (%)39.8 (0--100)Mean fertilization rate (range) (%)37.9 (0--100)Pregnancy rate (%)33Mean body mass index (BMI)21.4 (16.9--31.6)Mean serum 25 (OH) D levels (nmol/L) (range)74.8 (30--144)

Measurement of serum α-klotho levels {#Sec4}
------------------------------------

Blood samples were drawn from a forearm vein in the morning after overnight fasting. Sera were obtained by centrifugation and immediately stored at −30 °C. Serum α-klotho concentrations were evaluated during preimplantation using the human soluble α-klotho Assay Kit (TAKARA BIO Inc., Japan).

Measurement of serum 25 (OH) D levels and pregnancy {#Sec5}
---------------------------------------------------

Serum 25 (OH) D levels were measured using enzymeimmunoassay (Immunodiagnostic Systems Inc., Fountain Hills, AZ, USA). Furthermore, pregnancies were based on detection of a gestational sac (GS).

The ovarian stimulation protocol {#Sec6}
--------------------------------

Eligible patients in the present study were treated with the ovarian stimulation regimen (mild stimulation protocol). In the mild stimulation protocol, patients received clomiphene citrate at 100 mg/day from day 3 to day 7 followed by human chorionic gonadotropin (hMG) injections 1--5 times. 0.25 mg of gonadotropin-releasing hormone (GnRH) antagonist was started every 24 h when the leading follicle diameter reached 14 mm. With transvaginal ultrasound monitoring, when the diameter of a dominant follicle reached 18 mm, all the patients were administered with hCG (5000 IU) intramuscularly. Transvaginal sonographically guided oocyte retrieval was performed 36 h after hCG injection.

The evaluation of oocyte maturation rates and the fertilization rates {#Sec7}
---------------------------------------------------------------------

In the samples of oocytes from the women, the presence of matured oocytes at metaphase II (MII) was confirmed. The oocytes with polar body were regarded as mature MII oocytes, and were used for normal intracytoplasmic sperm injection (ICSI). Furthermore, success rates of maturation and fertilization were determined under microscopic observation (Olympus IX71, Japan) by two embryologists at our institute. Moreover, maturation rates were assessed by the number of MII oocytes/total number of oocytes used for in vitro maturation at 24 or 48 h. Fertilization rates were assessed with the number of 2PN oocytes/total number of oocytes used for ICSI at 24 or 48 h after ICSI.

Approval of institutional review board {#Sec8}
--------------------------------------

We, authors, confirm that the work described has been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki). Furthermore, all of the experiments were approved by the institutional review board at Reproductive Medicine Institute Japan.

Statistical analyses {#Sec9}
--------------------

All of the statistical tests were performed using Dr. SPSS II for Windows (SPSS Japan, Inc., Tokyo), and significance was defined as p \< 0.05 (two-tailed). Continuous values were expressed as the mean values ± standard deviation (SD). Statistical analyses were investigated by using single logistic regression analysis and multiple logistic regression analysis.

Results {#Sec10}
=======

Demographic and clinical characteristics of the patients {#Sec11}
--------------------------------------------------------

Demographic and clinical characteristics of the patients were shown as Table [1](#Tab1){ref-type="table"}. Mean maternal age was 36.84 years (range 30--45). All patients were treated by ICSI as assisted reproductive technology. Ovarian stimulation protocol was one (see "[Methods](#Sec2){ref-type="sec"}" section). Pregnancy rates was 33.0 %. Furthermore, all patients were non-smoker. Moreover, Asian was 70.0 % (n = 443), White was 28.1 % (n = 178) and Black was 1.90 % (n = 12).

Associations among serum α-klotho concentrations during preimplantation, the fertilization rates and the maturation rates {#Sec12}
-------------------------------------------------------------------------------------------------------------------------

The serum α-klotho concentrations during preimplantation were decreased by aging (Fig. [1](#Fig1){ref-type="fig"}, p \< 0.001), while the maturation rates (Fig. [2](#Fig2){ref-type="fig"}, p \< 0.001) and the fertilization rates (Fig. [3](#Fig3){ref-type="fig"}, p \< 0.001) were improved by increasing of the serum α-klotho concentrations during preimplantation.Fig. 1An association between serum α-klotho concentrations during preimplantation and age. X-axis: serum α-klotho concentrations during preimplantation (pg/mL), y-axis: ageFig. 2An association between serum α-klotho concentrations during preimplantation and maturation rates. X-axis: serum α-klotho concentrations during preimplantation (pg/mL), Y-axis: maturation rates (%)Fig. 3An association between serum α-klotho concentrations during preimplantation and fertilization rates. X-axis: serum α-klotho concentrations during preimplantation (pg/mL), Y-axis: fertilization rates (%)

Associations among serum α-klotho concentrations during preimplantation, the clinical parameters \[BMI and serum 25 (OH) D levels\] {#Sec13}
-----------------------------------------------------------------------------------------------------------------------------------

BMI was negatively associated with the serum α-klotho concentrations during preimplantation (Fig. [4](#Fig4){ref-type="fig"}, p \< 0.001). Furthermore, the serum 25 (OH) D levels were positively associated with the serum α-klotho concentrations during preimplantation (Fig. [5](#Fig5){ref-type="fig"}, p \< 0.001).Fig. 4Associations between serum α-klotho concentrations during preimplantation and BMI. X-axis: serum α-klotho concentrations during preimplantation (pg/mL), Y-axis: BMIFig. 5Associations between serum α-klotho concentrations during preimplantation and serum 25 (OH) D levels. X-axis: serum α-klotho concentrations during preimplantation (pg/mL), Y-axis: serum 25 (OH) D levels

Multiple logistic regression analysis {#Sec14}
-------------------------------------

Multiple logistic regression analysis (Table [2](#Tab2){ref-type="table"}) showed that the clinical pregnancy rates were influenced by serum α-klotho concentrations during preimplantation (p \< 0.001), the patient's age (p = 0.003), maturation rates of human oocytes (p \< 0.001), fertilization rates (p \< 0.001) and the serum 25 (OH) D levels (p \< 0.001) regardless of race (p = 0.29) and BMI (p = 0.96). After the multivariate analysis, the clinical pregnancy rates were positively associated with the patient's age, serum α-klotho concentrations, maturation rates of human oocytes, fertilization rates and the serum 25 (OH) D levels.Table 2Multiple logistic regression analysist valuep valueAge−2.956160.003232Serum alpha-klotho concentrations (pg/mL)10.5659\<0.0001Maturation rate (%)7.68942\<0.0001BMI−0.046770.962714Serum 25 (OH) D levels (nmol/L)6.220646\<0.0001Race−1.061390.288925Fertilization rate (%)6.789421\<0.0001

Cutoff for alpha-klotho concentrations during preimplantation that was correlating with clinical pregnancy rates {#Sec15}
----------------------------------------------------------------------------------------------------------------

Mean serum alpha-klotho concentrations during preimplantation was 593.14 pg/mL in the present study. Furthermore, according to a previous report, 562 pg/mL in healthy adults (n = 142, mean) age 20 years old or over (Yamazaki et al. [@CR10]). Therefore, when we considered 550 pg/mL a cutoff for alpha-klotho that was correlating with clinical pregnancy rates, with this cutoff value, 65.0 % sensitivity and 54.0 % specificity for prediction of pregnancy was achieved.

Furthermore, when we considered 600 pg/mL a cutoff for alpha-klotho that was correlating with clinical pregnancy rates, with this cutoff value, 81.0 % sensitivity and 65.0 % specificity for prediction of pregnancy was achieved.

Moreover, when we considered 700 pg/mL a cutoff for alpha-klotho that was correlating with clinical pregnancy rates, with this cutoff value, 70.0 % sensitivity and 50.0 % specificity for prediction of pregnancy was achieved.

Therefore, considering these factors, we considered 600 pg/mL a cutoff for alpha-klotho that was correlating with clinical pregnancy rates in the present study.

Discussion {#Sec16}
==========

The data of a report implicate DNA double-strand break (DSB) repair efficiency as an important determinant of oocyte aging in women (Titus et al. [@CR7]). However, more simple biomarker in order to evaluate the aging or quality of human oocytes and clinical pregnancy rates is needed in the clinical setting. Furthermore, while current understanding of the molecular biology of the α-klotho may offer new insights into its function and role in aging, the possibility of the serum α-klotho concentrations during preimplantation in order to evaluate the aging or quality of human oocytes and clinical pregnancy rates has not been investigated. In this regard, our present prospective study is the first study reporting that the serum α-klotho concentrations during preimplantation can predict the aging or quality of human oocytes and clinical pregnancy rates significantly. However, as pregnancy rate depend on many confounding factors, although we considered many confounding factors by multiple logistic regression analysis, further another factors should be considered.

On the other hand, the serum 25 (OH) D levels were positively associated with the serum α-klotho concentrations during preimplantation in the present study. Furthermore, the administration of 1,25-(OH)2D3 induced the expression of klotho in the kidney in mice (Tsujikawa et al. [@CR8]). Therefore, the serum α-klotho concentrations during preimplantation may be improved by vitamin D supplementation. Further studies will be needed.

Conclusion {#Sec17}
==========

In conclusion, the serum α-klotho concentrations during preimplantation would be useful as a biomarker in order to predict the aging or quality of human oocytes and clinical pregnancy rates.
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